Medical professionals are frequently required to assess and manage patients who complain of chronic fatigue. When associated with pain, sore throat, feverishness, tender lymph nodes, decreased concentration, memory problems, and depressed mood in the absence of a discernible cause, the symptom complex is termed the chronic fatigue syndrome (CFS). 1 The lack of uniform physical or laboratory abnormalities in patients with CFS dictates that the diagnosis is one of exclusion, and that treatment is empirical. 2' In addition, there is a striking overall similarity between CFS and the condition long known as neurasthenia. 45 Depression is a prominent feature in many patients with CFS. While in some it predates the illness and may contribute to this syndrome's immune, somatic, and cognitive features,7-"3 in others, the depressive symptoms may represent reactions to the debilitating illness and/or be a co-morbid expression of constitutional factors that ultimately make people susceptible to delayed recovery from infections or other acutely stressful events.7-9121' This combination of factors has fuelled an unresolved debate as to whether CFS is the reflection of an underlying psychiatric disturbance or, instead, is the result of an ongoing disorder with an infectious or immune origin.14-8 Regardless of the outcome of this debate, qualitative and quantitative characterisation of the clinical features of CFS would permit better patient classification and management.
Among the least studied features of CFS are the common complaints of deficits in memory, cognition, and mood. 19 The goals of the present study were to characterise the dimensions of these neuropsychological problems and to determine the degree to which they correlate with other clinical and laboratory measures.
In a pilot study, we administered retrospective and current period surveys to 54 patients who met Center for Disease Control criteria for CFS and who were participating in ongoing research studies at the National Institutes of Health. These patients underwent medical and laboratory evaluations and completed self rating forms regarding mood and cognitive functions. 20 The results showed that CFS patients report many symptoms that are characteristic of depression, and that the prevalence and severity of depressive complaints reflect the degree of overall illness and its cognitive features, especially those regarding memory, an observation made in an earlier controlled therapeutic trial in patients such as these. 2 We extended these earlier observations by a detailed assessment of cognitive complaints in CFS patients and by analysis of their relationship with depressive complaints and severity of illness. Our results indicated that complaints of memory impairment dominate the current and past reports of patients with CFS. Moreover, the severity levels of cognitive and mood problems recalled during the worst period of illness correlated highly with the current cognitive and mood levels. For both the current and past periods, the level of depression correlated directly with the number and severity of memory complaints. Importantly, neither the current or recalled complaints of cognitive and mood problems could be predicted on the basis of any other clinical or laboratory data accrued.
We, therefore, decided to examine CFS patients with a battery of cognitive and memory tests to determine whether objective memory and cognitive deficits could be demonstrated in the light of the survey results.
Methods

SUBJECTS
The first 20 of the survey respondents who subsequently travelled to the NIH for further biological studies were neuropsychologically Neuropsychologicalffunctioning in CFS evaluated. They were compared with 17 healthy control subjects matched for age and education (see table 1 ). This subset of patients was similar in all respects to the larger group of patients we surveyed.
MEASURES
A set of measures was chosen that would evaluate objectively the cognitive complaints of CFS patients based on the pilot survey study. While we focused on memory measures, tests of planning, reaction time and intellectual capacity were also included in the battery. Two "Tower" planning tasks were selected because they represent different difficulty levels in planning. Thus, this battery not only measures those domains of cognition noted by CFS patients to be taxing, but includes measures known to be sensitive to "subcortical dementia" such as time perception, response speed, and planning. The following battery of tests and scales was administered over a total of eight hours on two consecutive days of study. A more detailed description of these tests, except where noted, is available in Lezak.2' All patients and controls demonstrated excellent effort and motivation during the evaluation. All of the patients remarked that the examination was tiring for them. Some patients complained of debilitating fatigue only on the day following the completion of the evaluation. GENERAL 22 Subjects were instructed to press one of four keys that were spatially aligned with one of four positions on a computer monitor. Stimuli would appear at one of the four positions, one at a time, and subjects were to press the key that was underneath the position where the stimulus would appear as quickly as possible. There were seven blocks of 100 trials each. The first two blocks were composed of random presentations, the next four blocks were composed of 10 repetitions sures was in accordance with expectations, given that their cognitive complaints primarily revolved around memory functions.
MEMORY FUNCTIONS
There were no between group differences on the digit span task, indicating that short term memory span was intact in the CFS group. There were also no between group differences in retrieval of category exemplars suggesting that at least some aspects of semantic memory search and retrieval were intact. CFS patients also demonstrated normal reaction times and visuomotor procedural learning on the serial reaction time task. Despite normal functioning on these memory measures, CFS patients had a significantly lower score than controls on the general memory index of the Wechsler memory scale (F(1,34) = 5 05, p < 0-03) suggesting that some aspects of their current memory functioning were impaired. Specific subtest raw score comparisons (see table 2) revealed that the CFS patients were only impaired on the immediate (F(1,34) = 5 94, p < 0 02) and delayed (F(1,34) = 5-15, p < 0.02) visual reproduction subtests which requires the subject to reproduce complex geometric designs. Other subtests requiring attention and orientation, immediate and delayed verbal cued and free recall, and non-verbal recognition memory were all performed normally. On two measures of free and incidental recall (from Retrieval conditions est dentalecall III the experimental paired associates and Hasher frequency tasks), CFS patient recall and judgment were similar to those of the controls. On the first of two experimental stories, the CFS patients recalled as many story idea units as did the controls. However, following the second story, patients recalled significantly fewer idea units than did controls (F(1,33) = 15-26, p < 0-0004). Furthermore, on the experimental paired associates test (see fig 1) , CFS patients recalled fewer words in the cued retrieval condition than the controls (F(1,35) = 4-81, p < 0 03).
Thus, CFS patients appeared to have generally normal memory functioning, yet, paradoxically, they demonstrated specific difficulties in recalling information under conditions of greater semantic structure (for example, cued as opposed to free recall and recall of story propositions as opposed to isolated words) and in reproducing geometric designs. This is the opposite of the common finding in which normal subjects and patients with various types of central nervous system impairments are generally helped by increasing stimulus structure (as seen in story memory or cued recall tasks). Correlational analysis was not particularly helpful in identifying associations between other variables (for example, age, education, degree of fatigue, mood state) and these unusual memory deficits in the CFS patients although verbal IQ was significantly correlated with the number of propositions retrieved on story two (r = 0 46), suggesting that the general verbal skills of these patients were partially responsible for their poorer performance.
MOOD STATE AND EFFORT
There was no difference in the number of depressive symptoms reported by the CFS patients and controls on the Beck depression inventory. Scores from an examiner rating scale showed that about a quarter of the CFS patients demonstrated mild to moderately impaired attention and memory during the evaluation. As expected, CFS patients reported being significantly more fatigued on the day of testing than controls (F(1,30) = 46-37, p < 0-0001) and their fatigue on the testing day was compatible with their general level of fatigue throughout the illness. However, there were no differences between the level of pre-illness fatigue in the CFS patients and the current level of fatigue in the controls. Furthermore, there was no relationship between any of these fatigue measures and cognitive performance in the CFS group.
This series of tests demonstrated, then, that CFS patients have selective deficits in memory processing arising against a background of relatively normal cognitive functioning. Curiously, they had greater problems recalling material when the material or retrieval measure was the most structured.
There was no relationship between performance on these specific memory measures and mood state, fatigue level, age, or education although verbal intelligence was correlated with story memory performance. The findings in this study reinforce the importance of formally testing the memory and mood state symptoms in patients with CFS, since these will be among their most prominent complaints. The fact that these symptoms and deficits appear grossly independent of routine indices of illness severity and fatigue41 42 and, at least in the pilot survey conducted here, are highly intercorrelated, further complicates the diagnostic examination of CFS patients and of illuminating the pathogenesis of CFS.13 [43] [44] [45] [46] Regardless of the basis for the cognitive and emotional complaints and mild memory impairment in CFS patients, these symptoms cause considerable distress.'9 With the background provided by this study and a recently completed parallel study of selective attention in CFS, in which patients were shown to have normal visual attentional processes but slowed response execution,47 we have developed a more focused testing protocol for continued prospective and objective measurement of neuropsychological complaints in C S48 49 CFS. 4 9 
